IMPORTANCE Although American guidelines recommend use of adjuvant chemotherapy in patients with locally advanced rectal cancer, individuals who achieve a pathological complete response (pCR) following neoadjuvant chemoradiotherapy are less likely to receive adjuvant treatment than incomplete responders. The association and resection of adjuvant chemotherapy with survival in patients with pCR is unclear.
T he standard treatment for locally advanced rectal cancer includes neoadjuvant chemoradiation, surgery, and adjuvant chemotherapy (ACT). The rationale for the routine use of ACT is based on an extrapolation of the survival benefits among patients with colon cancer [1] [2] [3] [4] [5] ; however, the efficacy of ACT in patients with rectal cancer is less clear. 6 Early studies demonstrating benefits of the use of ACT for rectal cancer included patients who did not receive neoadjuvant chemoradiation [7] [8] [9] [10] ; trials evaluating ACT for patients with rectal cancer in the setting of neoadjuvant treatment followed by surgery have not clearly demonstrated a benefit to its use. [11] [12] [13] [14] [15] Additionally, the utility of ACT for subgroups of patients known to have good prognoses is unclear.
Downstaging after neoadjuvant treatment is a known prognosticator of survival in rectal cancer. [16] [17] [18] [19] Between 10% and 25%
of patients treated with neoadjuvant chemoradiotherapy achieve a pathological complete response (pCR; defined as ypT0N0), 20, 21 and these patients exhibit low rates of local and distant recurrence and better overall and disease-free survival compared with patients without pCR. [21] [22] [23] [24] [25] Because of this, the use of ACT in patients who achieve pCR has been questioned. [26] [27] [28] [29] Previous trials evaluating the benefit of ACT for patients with rectal cancer have been underpowered for subgroup analyses of patients with pCR. While in the United States and Canada ACT remains the standard of care for locally advanced rectal cancer, 30, 31 in practice, patients who achieve a pCR are less likely to undergo ACT than those with residual disease after neoadjuvant chemoradiotherapy. 22, 24, 32 Despite excellent survival among patients with pCR, these patients remain at risk for disease recurrence and cancer-related death. Additionally, downstaging exhibited by these patients is suggestive of tumor biology responsive to treatment. As such, patients with pCR may compose a chemosensitive subset of patients with rectal cancer likely to benefit from ACT. This study therefore seeks to determine whether ACT is associated with improved overall survival in patients with pCR.
Methods

Data Source
The patient cohort for this study was obtained from the National Cancer Database (NCDB) participant use data file for rectal cancers. The NCDB is a clinical oncology-specific database established in 1989 as a joint program of the American College of Surgeons Commission on Cancer and the American Cancer Society. A data use agreement between the American College of Surgeons and Commission on Canceraccredited hospitals allows for the use of this data by independent investigators. More than 1500 accredited facilities contribute to these data. The NCDB estimates that approximately 70% of newly diagnosed malignant neoplasms in the United States are captured by this database annually.
Patient Populations
The 2013 participant use data file release used for this study includes patients diagnosed with rectal neoplasms from January 1, 2004, through December 31, 2013. We limited the study cohort to patients diagnosed between January 1, 2006, and December 31, 2012, as information about neoadjuvant chemotherapy was not available prior to 2006 and vital status information was not available for those diagnosed in 2013. We used
International Classification of Diseases for Oncology, third edition, morphologic codes to identify patients with rectal adenocarcinoma (eTable 1 in the Supplement). We limited cohort inclusion to those patients with invasive tumor behavior and confirmed that all patients included in our study were diagnosed based on histology. Our cohort was restricted to patients who received neoadjuvant chemoradiation followed by resectional surgery. Exclusion criteria included patients with multiple cancer diagnoses, patients with in situ tumors, patients diagnosed but not treated at the reporting facility, and those who underwent nonresectional ablative procedures or local excision. From the remaining cohort, we selected only those patients with documented ypT0N0 disease and excluded individuals with ypTXNX disease. Patients were then categorized based on receipt of ACT; these individuals are identified in the NCDB as those who received at least 2 cycles of ACT. Given the potential for immortal time bias, we excluded all patients with less than 8 weeks of follow-up after surgery based on the median time from surgery to adjuvant treatment in previous studies.
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Propensity Score Matching
We used propensity scores, reflecting the conditional probability of each patient having received ACT, to match patients who did and did not receive ACT. We constructed a multivariable logistic regression model to generate propensity scores. We selected covariates for inclusion in the propensity model a priori based on factors presumed to be associated with treatment received. Patient-level factors included in the model were age at diagnosis, sex, race, ethnicity, insurance status, area of residence (metropolitan vs not metropolitan based on 2013 Rural-Urban Continuum codes defined by population and worker commuting criteria), levels of income and education in the patient's area of residence, and Charlson-Deyo comorbidity score. Treatment-related factors included facility type (community vs academic or integrated cancer program), distance be-
Key Points
Question Does adjuvant chemotherapy provide a survival benefit to patients with locally advanced rectal cancer who demonstrate a complete pathological response following neoadjuvant chemoradiation therapy and resection?
Findings In this propensity score-matched cohort study including 667 matched pairs of patients with rectal cancer and a pathological complete response to neoadjuvant chemoradiation therapy and resection, patients who received adjuvant chemotherapy demonstrated better 5-year overall survival than those who did not receive adjuvant treatment (95.0% vs 88.2%).
Meaning
In this subgroup of patients with excellent prognosis, the administration of adjuvant chemotherapy may provide additional survival benefits; however, these benefits need to be weighed against the risks of chemotoxic effects.
tween the patient's residence and treatment facility based on zip code, total radiation dose (45 Gy, 50.4 Gy, 54 Gy, or other), time from end of radiation to surgery (<5, 5-7, 7-9, 9-12, or >12 weeks), hospital length of stay following surgery, and 30-day unplanned readmissions. Histologic grade (well, moderately, or poorly differentiated), tumor size (<2, 2-4, 4-6, or >6 cm), clinical T stage, clinical N stage, and number of nodes retrieved at surgery (<6, 6-11, or ≥12 nodes) were also included in the model. Based on previous NCDB studies, we expected certain covariates to have at least 15% missing data, limiting the use of multiple imputation methods. We therefore constructed dummy variables to indicate missingness and matched on these variables to ensure that the proportions of patients with missing data were balanced between propensity scorematched groups.
Patients who received ACT were matched to patients who did not receive ACT in a 1:1 ratio using a greedy, nearestneighbor matching algorithm with no replacement. We used a caliper width equal to 0.2 of the standard deviation of the logit of the propensity score. We compared baseline characteristics between the propensity score-matched groups using standardized differences. A standardized difference less than 0.1 was used as indicative of negligible imbalance between groups.
Statistical Analysis
We generated Kaplan-Meier survival curves to compare overall survival between the propensity score-matched groups. Additionally, we constructed a marginal Cox proportional hazards model with treatment group as the sole predictor to determine the relative change in hazard associated with mortality-stratified by matched pairs, accounting for clustering at the facility level. 35, 36 The proportional hazards assumption was verified by adding a predictor-by-time interaction term into the model and by assessing Schoenfeld residuals over time. We used the hazard ratio (HR) and the survival probability in the non-adjuvant-treated group to determine the number needed to treat with adjuvant therapy to prevent 1 death at 3 years.
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To investigate potential effect modifiers, we generated and analyzed additional propensity score-matched groups for the subgroups of patients with pretreatment clinically nodepositive and node-negative disease using similar methods.
Given the potential for unmeasured confounding, we performed a sensitivity analysis used by previous NCDB studies to determine the magnitude of effect that a hypothetical unmeasured confounder would need to have to render our results nonsignificant. [38] [39] [40] The unmeasured confounder that we considered in this analysis was poor performance status (Eastern Cooperative Oncology Group [ECOG] grade ≥2). We assumed that the group of patients who did not receive ACT had a higher proportion of patients exhibiting poor performance status and that this measure was associated with mortality. We then varied the proportions of patients with poor performance status who did and did not receive ACT, as well as the strength of the association between poor performance status and mortality, based on estimates from previous studies, [41] [42] [43] [44] [45] [46] to recalculate our HR and 95% CI. Through this iterative process, we determined the level of association between our unmeasured confounder and mortality that would be necessary for our results to be nonsignificant. In cases of fewer than 10 patients per cell, levels of categorical variables were combined, in accordance with NCDB use policies. All statistical analyses were performed using SAS Studio version 3.6 (SAS Institute Inc). All tests were 2-sided with a P value less than .05 considered statistically significant. As these data did not include personal identifiers, this study was exempt from review by the Cleveland Clinic Florida institutional review board and the collection of these data by the ACS is exempt from needing informed consent.
Results
Study Population and Propensity Score Matching
A total of 156 076 cases of rectal cancer were captured by the NCDB from 2006 through 2012. Of these, 29 632 patients with locally advanced T3/T4 or node-positive disease treated by neoadjuvant chemoradiation met all inclusion criteria (Figure 1 ). Of the 27 879 patients who underwent resectional surgery, only 2558 (9.2%) had a documented pCR. A total of 2455 (8.8%) had at least 8 weeks of follow-up (mean age, 59.5 years; 59.8% male); 680 (27.7%) received ACT. A summary of the baseline characteristics of the adjuvant-and non-adjuvant-treated groups prior to propensity score matching is presented in the Table ( complete list of baseline characteristics provided in eTable 2 in the Supplement). Six hundred sixty-seven patients who underwent ACT were successfully matched to control patients who did not undergo ACT using propensity scores. Standardized differences between patients treated with and without ACT for all covariates included in the propensity score match were less than 0.1, indicating balanced groups after matching (Table) . The distribution of propensity scores before and after matching are presented in the eFigure in the Supplement.
Effect of ACT on Overall Survival of Patients With pCR
The median follow-up for all patients was 3.08 years (interquartile range [IQR], 1.87-4.63), 3.05 years (IQR, 1.80-4.78 years) for patients who did not receive ACT, and 3.10 years (IQR, 1.94-4.40 years) for patients who did receive ACT. Three-year overall survival was 97.6% for patients treated with ACT and 94.0% for patients who did not receive ACT; 5-year overall survival was 95.0% and 88.2%, respectively. Use of ACT was associated with a statistically significant improvement in overall survival (HR, 0.44; 95% CI, 0.28-0.70) (Figure 2A) . The number needed to treat with adjuvant chemotherapy to prevent 1 death at 3 years was 30 patients (95% CI, 24-78).
To investigate potential effects of temporal trends, we conducted a sensitivity analysis that included year of diagnosis in the propensity score match. The results of our analysis were similar with the addition of this variable (HR, 0.48; 95% CI, 0.29-0.78).
In sensitivity analysis, our findings were robust to unmeasured confounding. Assuming a prevalence of poor performance status of 10% in the group that did not receive ACT and 5% in the group treated with ACT, the HR for the independent association between poor performance status and mortality would need to be 12 or greater to render our results nonsignificant; this was considered an extreme value (eTable 3 in the Supplement). If, instead, 10.0% of patients in the untreated group and only 2.5% of patients in the treated group exhibited poor performance status, the HR for the independent association between poor performance status and mortality would need to be greater than 6.5 for our results to be sensitive to this confounder.
Subgroup Analyses by Clinical Node Status
Of the 2455 patients (8.8%) who met inclusion criteria, 1306 (53.2%) presented with clinically node-negative disease prior to treatment; 321 (24.6%) of these patients received ACT. Three hundred seven patients with node-negative disease who received ACT were propensity score matched to patients with node-negative disease who did not receive ACT. Three-year overall survival for clinically node negative patients was 97.1% for patients treated with ACT and 95.2% for patients who did not receive ACT; 5-year overall survival was 95.8% and 88.8%, respectively. Node-negative patients treated with ACT did not demonstrate a statistically significant improvement in overall survival compared with those who did not receive ACT (HR, 0.64; 95% CI, 0.34-1.21) ( Figure 2B) .
We identified 1051 patients with clinically node-positive disease prior to treatment; 345 (32.8%) of these patients received ACT. We propensity score matched 324 pairs. Threeyear overall survival for clinically node-positive patients was 98.3% for patients treated with ACT and 93.1% for patients who did not receive ACT; 5-year overall survival was 94.7% and 91.2%, respectively. Receipt of ACT was associated with a significant improvement in overall survival in this subgroup (HR, 0.24; 95% CI, 0.10-0.58) ( Figure 2C ). The number of pretreatment node-positive patients needed to treat with adjuvant chemotherapy to prevent 1 death at 3 years was 20 patients (95% CI, 17-36).
Discussion
Our study demonstrates that in patients with rectal cancer who achieved pCR following neoadjuvant chemoradiation therapy and resection, the administration of ACT was associated with improved overall survival. The strength of this association was strongest for patients with pretreatment node-positive disease.
Several randomized clinical trials (RCTs) attempting to establish the role of ACT for rectal cancer have failed to demonstrate a benefit to its use, which may in part be explained by insufficient power and poor adherence to treatment. The EORTC 22921 trial, 47 which used a 2×2 factorial design to evaluate the benefits of both preoperative chemoradiotherapy and ACT in patients with resectable T3-T4 tumors, concluded that there was no benefit to the addition of ACT in patients treated with neoadjuvant chemoradiation. However, 36.9% of patients randomized to ACT did not undergo any cycles of treatment. Importantly, although this trial was unable to demonstrate the 10% difference in survival for which it was powered, patients treated with ACT did demonstrate a 4% improvement in 5-year overall survival and 6% improvement in 5-year diseasefree survival. 48 Similarly, although no benefit to ACT was demonstrated in the Italian I-CNR-RT trial, 15 the authors point out that 28% of patients randomized to ACT did not undergo treatment, most commonly because of patient refusal. The choice of chemotherapy agents used in previous RCTs may also explain discrepancies in their results. In EORTC 22921, I-CNR-RT, and the PROCTOR arm of the Dutch PROCTOR-SCRIPT trial, 12 all of which failed to demonstrate benefits to ACT, patients were randomized to adjuvant treatment with fluorouracil plus leucovorin. However, ADORE, an RCT comparing this with a regimen of oxaliplatin and fluorouracil plus leucovorin in patients with pathologic stage II/III rectal cancer, demonstrated a 9.3% absolute improvement in 3-year overall survival among patients treated with a regimen of oxaliplatin and fluorouracil plus leucovorin. 49 Similarly, the German CAO/ARO/AIO-04 trial demonstrated a benefit to the addition of oxaliplatin. 50 Although CHRONICLE, 14 a trial of capecitabine plus oxaliplatin vs no adjuvant treatment found a 7% improvement in disease-free survival but no improvement in overall survival, this study was closed prematurely after randomization of only 113 of the 780 patients required owing to slow accrual attributed to a bias among treating physicians to not offer ACT. Our study demonstrated that the greatest survival benefit to ACT is in patients with the greatest burden of pretreatment disease (pretreatment node-positive patients). One theory for this finding is that tumor downstaging after neoadjuvant treatment may indicate favorable tumor biology and can be correlated with further responsivity to additional chemotherapy. Adjuvant chemotherapy for patients with proven responsivity to treatment may be beneficial by potentially eradicating residual micrometastatic disease. 13 ,51 However, it should be noted that our subgroup analyses were exploratory and require further investigation for confirmation. Whether ACT is beneficial for patients with tumor downstaging has been difficult to evaluate in previous RCTs, which have been underpowered for subgroup analyses of downstaged patients. However, a recent meta-analysis of 7 RCTs and 10 retrospective studies, including 5457 patients, demonstrated improved 5-year overall survival with ACT among patients who experienced tumor downstaging (odds ratio, 0.57; 95% CI, 0.38-0.85).
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Studies specifically evaluating the effect of ACT in the population with pCR have also been limited by a lack of statistical power. Several small studies demonstrate absolute improvements in overall survival ranging from 4.5% to 15%; however, these differences were not statistically significant. 24 ,27,52,53 To avoid issues related to small sample sizes, others have attempted to use large registries. A previous propensity score-adjusted NCDB study by Xu et al 54 evaluated adherence with ACT among patients with rectal cancer and similarly compared survival among patients with pCR. In congruence with the results from our study, they also demonstrated improved overall survival in patients with pCR who received ACT. However, this was a subgroup analysis and propensity scores were generated from the larger cohort of patients with locally advanced rectal cancer rather than from the patients with pCR alone; therefore, propensity score adjustment may not have appropriately adjusted for confounding by indication among patients with pCR in this previous study.
To our knowledge, this study is the largest to date evaluating the effect of ACT among a contemporary cohort of patients with pCR. With the use of propensity score matching, our groups were balanced on measured confounders that could have influenced receipt of ACT and our results proved to be robust on sensitivity analysis, helping our study avoid many of the methodological limitations of previous studies. Given the low mortality among patients with pCR, the use of propensity score matching rather than adjustment with a multivariable Cox model also allowed us to avoid model overspecification. We explored the role of pretreatment nodal status by separately analyzing subgroups based on clinical nodal status, ensuring balance of covariates in these subgroup analyses. Finally, although we could not determine whether patients underwent a full course of ACT, all patients in our ACT group received at least 2 cycles of treatment.
Limitations
Our study has limitations. The use of a retrospective database limited our ability to investigate other sources of potential bias. For example, we were unable to determine the chemotherapy agents administered, their dosages, or patient adherence. Because we could only identify patients who had received at least 2 cycles of ACT, patients who received a single cycle may have been misclassified. Although this may have been the case for only a few patients, this misclassification could have led to an overestimation of the effect of ACT. Additionally, we were unable to explore potential benefits of ACT on cancer recurrence or cancer-specific mortality as the NCDB does not provide data on local or distant recurrence or cause of death. Our follow-up was relatively short and few events were observed over this time. Despite this, we were able to detect a significant difference in overall survival in our short follow-up period. Interestingly, patients with pretreatment nodepositive and node-negative disease exhibited similar survival times. Although this may reflect the strength of pCR attainment as a prognosticator, this could also be explained by possible misclassification of nodal status given the poor ability of radiologic methods to accurately determine lymph node positivity. 55, 56 Given the observational nature of this study, significant potential for bias exists; patients who received ACT may have been systematically different from those who did not receive ACT. We attempted to mitigate these effects by propensity score matching; however, significant residual confounding from unmeasured covariates may have resulted in an overestimation of the benefit of ACT in our study. However, our sensitivity analysis demonstrated that the association between ACT and survival would remain significant in the presence of substantial unmeasured confounding. Finally, the generalizability of our study findings needs to be considered. 
